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http://dx.doi.org/10.1016/j.jds.2013.0Abstract Background/purpose: In this study, we investigated the effects of a gel form of
eucalyptol oil used for debonding orthodontic brackets. It was hypothesized that the use of this
gel would lower the shear bonding forces between the bracket and the surfaces of human
teeth.
Materials and methods: Two types of brackets (metal and ceramic materials) and two kinds of
gel forms were used. All experimental samples were debonded using a JSV H1000 testing ma-
chine.
Results: A statistically significant decrease was observed in the shear bonding force for metal
brackets using eucalyptol, regardless of whether it was in a liquid or a gel form (P < 0.05).
Conclusion: The most efficient way to reduce shear bonding forces between a metal orthodon-
tic bracket and a tooth surface during a debonding procedure may be to use eucalyptol mixed
with Carbopol for 15 minutes.
Copyright ª 2013, Association for Dental Sciences of the Republic of China. Published by Else-
vier Taiwan LLC. All rights reserved.Introduction
With advances in materials science, the time needed for
orthodontic treatment and the discomfort experiencedentistry, China Medical University
u.edu.tw (J.-H. Yu).
to this work.
iation for Dental Sciences of the Re
8.003during treatment have been reduced greatly. The majority
of complaints are regarding the discomfort encountered
during the debonding phase of treatment. A higher
shear force causes more enamel damage,1 and patients, 91 Xue-Shi Road, North District, Taichung 40402, Taiwan.
public of China. Published by Elsevier Taiwan LLC. All rights reserved.
Figure 1 Three-hundred-gram weight loading device.
Gel-form eucalyptol on bracket removal 389experience discomfort during the debonding procedure.
However, some difficulties still exist in terms of bracket
debonding. Many methods, such as ultrasonic,2e5 electro-
thermal,6e8 and laser9e12 debonding techniques, were
developed to overcome these problems. However, these
methods still have certain disadvantages such as a rise inFigure 2 Experipulp temperature8 and the requirement of expensive
equipment. Only a few researchers have investigated the
effects of chemical solvents13e16 on debonding.
In order to facilitate orthodontic bracket debonding
procedures and alleviate patient discomfort during the
process, we approached this problem in terms of chemicalmental setup.
Table 1 Shear bonding strength (N) required for bracket
removal.
Material Metal group Ceramic group
n Mean SD n Mean SD
Water 15 10 117.030 11.097 10 74.920 10.377
Eu15 10 93.590 14.394 10 69.470 18.770
Lu15 10 100.830 11.401 10 71.630 24.035
Lu30 10 96.730 14.295 10 78.510 28.678
Car15 10 97.920 18.532 10 70.130 14.077
Car30 10 93.960 13.275 10 77.340 21.803
Car15Z soaked in Carbopol for 15 minutes; Car30Z soaked in
Carbopol for 30 minutes; Eu15 Z soaked in eucalyptol for
15 minutes; Lu15 Z soaked in Lubrajel for 15 minutes;
Lu30 Z soaked in Lubrajel for 30 minutes; SD Z standard de-
viation; Water 15 Z soaked in water for 15 minutes.
390 C.-C. Yu et alreactions. According to a previous study, we focused on
a gel form of eucalyptol and compared its effects on
debonding in order to determine the best clinical solution.
This study investigated the effect of gel-form eucalyptol
on the debonding of two types of orthodontic brackets. The
gel form of eucalyptol was hypothesized to facilitate the
removal of brackets.
Materials and methods
Eucalyptol 99.75% (TTF; Taiwan Tekho Fine-Chem, Taipei,
Taiwan) was used. Two different kinds of brackets were
used: ceramic (monocrystalline alumina) brackets (Crysta-
line; Tomy, Tokyo, Japan) and metal brackets (Micro-arch;
Tomy). Both maxillary and mandibular premolar brackets
were used. A 4META-MMA resin, Super-Bond (Sun Medical,
Kyoto, Japan), was used as the bonding material. Ethanol
was used as a cosolvent. Carbopol 941 (Lubrizol, Wickliffe,
OH, USA) and Lubrajel (ISP; International Specialty Prod-
ucts, Wayne, NJ, USA) were the gels used. Tween 80 was
used as an interfacial agent. A Visco Basic Plus viscosity
meter (Fungilab, Barcelona, Spain) was used to detect
viscosity.
Preparation and bonding of the teeth
In total, 120 premolars were stored in distilled water. All
teeth were mounted in polyester resin blocks with the long
axis of each tooth oriented vertically. A pumice slurry was
applied to the teeth to clean their surfaces, and the teeth
were then rinsed with water and dried with oil-free com-
pressed air. The buccal enamel surfaces were etched with
65% phosphoric acid for 30 seconds17; next, the teeth were
rinsed with water for 20 seconds and dried completely with
oil-free compressed air. A brush-on technique was used; the
bonding agent was mixed at a ratio of 1:3 of catalyst to
monomer. A 300 g weight18 (Fig. 1) was placed on the
bracket for 15 seconds, and then the excess resin was
removed carefully. After that, all bonded teeth were pre-
served in water at 37C for 24 hours.
The teeth were treated with: (1) distilled water for
15 minutes (control); (2) eucalyptol for 15 minutes (Eu15);
(3) Lubrajel eucalyptol gel for 15 minutes (Lu15); (4)
Lubrajel eucalyptol gel for 30 minutes (Lu30); (5) Carbopol
941 eucalyptol gel for 15 minutes (Car15); and (6) Carbopol
941 eucalyptol gel for 30 minutes (Car30).
Concentration and viscosity of the Lubrajel eucalyptol
gel were 6.45% and 1334.7 cP and those of the Carbopol 941
eucalyptol gel were 9.86% and 1410 cP, respectively.
Shear bonding force measurements
All teeth were divided into 12 groups of 10 samples each for
mechanical characterization of shear values. The shear test
was carried out using a JSV H1000 testing machine (Fig. 2;
JISC Company, Japan) with a cross-head speed of 1 mm/min.
The debonding technique applied a shearing force perpen-
dicular to the bracketeenamel interface. We recorded
debonding forces (N), times (seconds), and adhesive remnant
index (ARI) scores at thedebonding site. This index consists of
the following scoring: 0 Z all the resin removed from theenamel surfaces, 1Z <50% of the resin retained, 2Z >50%
of the resin retained, and 3Z all the resin retained.
A digital mobile microscope (12; Fun50; Microlinks,
Kaohsiung, Taiwan) was used to analyze the enamel in-
terfaces of fracture surfaces.
Statistical significance of the results was assessed using a
one-way analysis of variance test (ANOVA; Cheremisinoff,
1987) with SPSS version 13 (SPSS Inc., Chicago, IL, USA).
Confidence levels of 99% and 95% were set for the me-
chanical strength.
Results
Metal brackets
Data on shear forces are shown in Table 1. Debonding forces
were reduced distinctly in all groups that used eucalyptol.
Both application times (15 minutes and 30 minutes) were
efficient; Car30 produced the lowest debonding force of
93.96 N, whereas that for the control group was 117.03 N.
Statistical analysis using analysis of variance (ANOVA) and
Tukey’s tests showed significant differences among the test
groups except for Lu15 (Table 2), and showed that there
were no significant differences in debonding times among
the test groups. Three teeth had enamel fracture in the
control and Eu15 groups. ARI scores are given in Table 3.
When using eucalyptol, regardless of whether it was in a
liquid or a gel form, the MMA resin tended to be removed
partially from the teeth, whereas in the control group, all
the resin tended to be removed from the tooth surface.
Ceramic brackets
The debonding time and force data showed almost the
same results (Tables 1 and 4). Statistical analyses using
ANOVA and Tukey’s tests showed that there were no sig-
nificant differences in debonding force or time among the
groups (Table 5). ARI scores are given in Table 3. When
using eucalyptol, regardless of whether it was in a liquid or
a gel form, the MMA resin tended to be removed partially
from the teeth, whereas in the control group, more of the
resin tended to remain on the tooth surface.
Table 4 Measurement of debonding time (seconds).
Material Metal group Ceramic group
n Mean SD n Mean SD
Water 15 10 25.480 4.360 10 15.439 1.676
Eu15 10 23.696 7.159 10 15.988 4.082
Lu15 10 24.529 4.960 10 14.662 2.473
Lu30 10 20.577 4.864 10 15.980 4.851
Car15 10 24.563 8.431 10 15.938 4.334
Car30 10 25.173 7.853 10 16.556 6.591
Car15Z soaked in Carbopol for 15 minutes; Car30Z soaked in
Carbopol for 30 minutes; Eu15 Z soaked in eucalyptol for
15 minutes; Lu15 Z soaked in Lubrajel for 15 minutes;
Lu30 Z soaked in Lubrajel for 30 minutes; SD Z standard de-
viation; Water 15 Z soaked in water for 15 minutes.
Table 2 Comparison of bond strengths and debonding
times of metal brackets between the different chemicals by
Tukey’s test (level of significance P < 0.05).
Water 15 Eu15 Lu15 Lu30 Car15 Car30
Force Water 15 d
Eu15 P < 0.01 d
Lu15 NS NS d
Lu30 P < 0.05 NS NS d
Car15 P < 0.05 NS NS NS d
Car30 P < 0.01 NS NS NS NS d
Time Water 15 d
Eu15 NS d
Lu15 NS NS d
Lu30 NS NS NS d
Car15 NS NS NS NS d
Car30 NS NS NS NS NS d
Car15Z soaked in Carbopol for 15 minutes; Car30Z soaked in
Carbopol for 30 minutes; Eu15 Z soaked in eucalyptol for
15 minutes; Lu15 Z soaked in Lubrajel for 15 minutes;
Lu30Z soaked in Lubrajel for 30 minutes; NSZ not significant;
Water 15 Z soaked in water for 15 minutes.
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Debonding force
For the metal brackets, the Carbopol 941 eucalyptol gel
(97.92 N and 93.96 N) was better than the Lubrajel euca-
lyptol gel (100.83 N and 96.73 N). This means that when
eucalyptol was made into a gel form, Carbopol 941 was a
better choice. However, for ceramic brackets, no differ-
ence was observed in debonding forces. Compared to the
work of Larmour et al15 who reported that 1-hour place-
ment of bonded brackets in peppermint oil appeared to
reduce the debonding forces, in our study the eucalyptol
gel application time was reduced to 15 minutes, probablyTable 3 ARI scores of the metal and ceramic brackets.
ARI score 0 1 2 3 Enamel fracture
Metal Water 15 6 2 2 0 2
Eu15 3 4 3 0 1
Lu15 5 5 0 0 0
Lu30 4 4 2 0 0
Car15 2 3 5 0 0
Car30 4 6 0 0 0
Ceramic Water 15 0 2 2 6 0
Eu15 0 4 2 4 0
Lu15 1 4 4 1 1
Lu30 0 5 4 1 0
Car15 1 5 2 2 0
Car30 0 2 5 3 0
ARIZ adhesive remnant index; Car15Z soaked in Carbopol for
15 minutes; Car30 Z soaked in Carbopol for 30 minutes;
Eu15 Z soaked in eucalyptol for 15 minutes; Lu15 Z soaked in
Lubrajel for 15 minutes; Lu30 Z soaked in Lubrajel for 30 mi-
nutes; Water 15 Z soaked in water for 15 minutes.due to a cosolvent effect. Frequently, a solute is more
soluble in a mixture of solvents than in one solvent alone.
Why do the same medical preparations end up with totally
different effects for metal and ceramic brackets? There
might be differences in the material properties and design.
The bracket base design of the metal bracket was a double-
layered mesh (Fig. 3) in macro view. By contrast, the base
of the ceramic bracket had undergone special treatment,
but it was a commercial secret; the only knowledge we had
of the base of the ceramic bracket was that it had an un-
usual white smear layer and a semicircle design (Fig. 4) in
order to achieve a good contact area.
Adhesive remnants
The two types of brackets had different adhesive remnant
properties. Metal brackets tended to retain resin on the
bracket base, but almost all resin remained on the toothTable 5 Comparison of bond strengths and debonding
times of ceramic brackets between the different chemicals
by Tukey’s test (level of significance P < 0.05).
Water 15 Eu15 Lu15 Lu30 Car15 Car30
Force Water 15 d
Eu15 NS d
Lu15 NS NS d
Lu30 NS NS NS d
Car15 NS NS NS NS d
Car30 NS NS NS NS NS d
Time Water 15 d
Eu15 NS d
Lu15 NS NS d
Lu30 NS NS NS d
Car15 NS NS NS NS d
Car30 NS NS NS NS NS d
Car15Z soaked in Carbopol for 15 minutes; Car30Z soaked in
Carbopol for 30 minutes; Eu15 Z soaked in eucalyptol for
15 minutes; Lu15 Z soaked in Lubrajel for 15 minutes;
Lu30Z soaked in Lubrajel for 30 minutes; NSZ not significant;
Water 15 Z soaked in water for 15 minutes.
Figure 3 Metal bracket base (original magnification, 140).
Figure 4 Ceramic bracket base (original magnification, 880).
392 C.-C. Yu et alsurface when ceramic brackets were used. These results
were consistent with clinical findings and reports of Lin16
and Mimura et al.10 A greater debonding area at the
enamel/resin interface of metal brackets increased the
risk of enamel damage. In this study, we detected three
kinds of enamel fractures in the metal group. When the
metal group was treated with either liquid or gel euca-
lyptol, the debonding area at the enamel/resin interface
was reduced. This can be explained by the infiltration of
eucalyptol into the resin/bracket interface. A greater
debonding area at the resin/bracket interface of ceramic
brackets reduced the risk of enamel damage, and we found
no enamel fractures. When the ceramic group was treated
with either liquid or gel eucalyptol, the debonding area at
the resin/bracket interface was reduced. This can be
explained by the infiltration of eucalyptol into the enamel/
resin interface. However, it also increased the risk of
enamel damage.
Dosage forms
In this study, the gel form of eucalyptol was chosen because
of its longer contact interval, better operability, and
greater safety in the mouth than the liquid form. Compared
to the solid form, it has better infiltration with better
fluidity, and is easier to remove. Furthermore, when
eucalyptol was compounded in the gel form, it was mixed
with other chemicals, which produced a cosolvent effect.
This was the reason why statistical analysis showed no
significant differences between the liquid and gel forms of
eucalyptol in the metal bracket group.
In conclusion, results of this study supported the
hypothesis that the use of a eucalyptol gel will makedebonding of metal brackets easier. When a eucalyptol gel
was used for metal brackets, the tooth/resin debonding
interface changed to a resin/bracket interface and
reduced the risk of enamel damage. Results of this study
do not favor the use of a eucalyptol gel with ceramic
brackets, because it did not show any effect and would
likely increase the risk of enamel damage. Use of Car15
was suggested, for a better clinical outcome at a shorter
time. The concentration and viscosity (9.86% and
1300e1400 cP, respectively) used in this study were suit-
able for general use.
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